ABSTRACT Hunan continuously operating reference station network is one of the most important infrastructures of the regional geospatial datum in Hunan province, China. It provides the official 24-h RTK service to the public. How to reveal the user behavior pattern by spatio-temporal analysis on location-based big data is significant for the service promotion. With procedures, such as cleaning, sampling, and so on, the usage count, fixing rate, and network delay data from August 2017 to July 2018 are first analyzed on multiple spatial and temporal scales. The results show that user behavior is strongly correlated to the surveying field work habits. Overall, the usage count is much more in the central and eastern, developed, and plain or hill area, while it is less in the western, underdeveloped, mountain and lake area. The suburbs are the most popular area. The usage count is also correlated to the local economic profile. Meanwhile, the Huaihua and Shaoyang cities need to be paid more attention to promotions. The hot spots revolution in 24 h can be divided into six stages as sleeping, recovery, first and second busy stages, adjustment, and dormancy when the hot spot successively increased and decreased around the Changsha-Zhuzhou-Xiangtan urban agglomeration and other 11 urban centers in the Hunan province.
I. INTRODUCTION
The location based big data (LBD) is a very important type of the geospatial big data. According to the data source the location big data could be divided into 3 categories: global positioning system (GPS) trajectory data, spatial media data and geographic spatial data [1] - [3] .
The GPS trajectory data, especially from the taxis, is one of the most significant source for location based big data for sensing the human mobility [4] , [5] . Based on the taxi GPS trajectory data from Beijing, Wuhan, Shanghai and other cities for months, the urban traffic patterns are analyzed and revealed [6] - [9] . According to the historical GPS trajectory data, an optimal double-side calling/called model for both the driver and passengers are presented in researches [10] - [12] . The location and waiting time of the taxis GPS data are used
The associate editor coordinating the review of this manuscript and approving it for publication was Feng Xia. to estimate the waiting taxi queue length and even the fuel reserved in the gas station [13] . The taxis GPS trajectory data and the point of interest (POI) from cities such as Los Angeles, San Francisco, Sacramento, Chicago, Shenzhen, Wuhan and so on, are utilized for analysis on the geographical function districts, the urban sustainability and development stages [14] - [16] . The GPS trajectory data were also involved for detecting or updating the road network information. The studies [17] , [18] present the automatic detection method to reveal the lane-level road networks and the boundary information.
Some other scholars use the location based network software check-in data to sense the behavior pattern of individuals and social groups. And then it is applied to improves the interaction, communication and collaboration. Based on the check-in data from Gowalla, foursquare, wechat or Weibo smart phones Apps, the pattern of human mobility are discussed [19] , [20] . Moreover, how to predict the future and potential information such as future location, potential friends, willing to share the location info, or gender of user, are the hot topic for the studies [21] - [27] . The data from 630,000 users and 4.4 million contents of blogs are used to be analyzed in studies. The hot spots map for patients is plotted and used to show the spread of influenza in New York [28] , [29] . The location data from 1.6 million people is applied to simulate, model and predict the victims refuge behavior process, which is after the great east Japan earthquake and the Fukushima nuclear accident [30] . The geographic check-in data from location based social networks, which happens in Beijing, Wuhan, Shenzhen cities, et al., are used for studying and dividing the urban hot commercial district or typical landmark area [31] - [34] , and even modeling the housing price [35] .
The Hunan continuously operating reference stations (HNCORS) is the official service network for Hunan province, China. It finished the first construction stage in 2011, and then started providing real-time kinematic (RTK) service to the public. In 2016, the HNCORS completed the second stage program, which aims to be compatible to the Chinese Beidou navigation satellite system [36] . In order to promote the services, the integrated management and service system was established in 2017. Based on the NMEA-0183 GPGGA protocol [37] , the improved location based data storage method which is combined with both the text and database system, is presented for the future big data analysis [38] . The preliminary RTK data analysis involved more than 920,000 records, which aims to find the spatial correlation between the user number and economical index, was realized in Jiangsu, China [39] . While the small coverage area, less user number and effective information, made it impossible to reveal the comprehensive performance of the CORS network. In this study, we collect more than 12,000,000 location based big data which contains many types of information from HNCORS RTK service from Aug 2017 to July 2018. This type of data is firstly involved to be spatio-temporal analyzed to reveal the user behavior pattern for the improvement of the future service.
II. DATA COLLECTION A. HUNAN CONTINUOUSLY OPERATING REFERENCE STATIONS SYSTEM (HNCORS)
Hunan is one of the 31 provinces which locates in the central south of China. It can be seen in Figure 1 (1) that it is situated VOLUME 7, 2019 between 109 • − 114 • east longitude and 20 • − 30 • north latitude. It is also shown in Figure 1 (2) that, there are 14 cities in Hunan province. The east, south and west sides of the province are surrounded by mountains and hills, such as the Wuling mountains to the northwest, the Xuefeng mountains to the west, the Nanling mountains to the south, and the Luoxiao mountains to the east. The mountains and hills occupy more than 80% of the area and the plain comprises less than 20% of the whole province. The four principal rivers as Xiangjiang, Zijiang, Yuanjiang and the Lishui Rivers converge on the Yangtze River at Dongting lake in the north of Hunan. The center and northern parts are somewhat low and a U-shaped basin, open in the north and with Dongting lake as its center.
The HNCORS system is one of the most important modern geospatial infrastructure for Hunan province. By 2018, there are 122 stations all over the Hunan province, just one for each county level administrative districts as it is shown in Figure 1 (3) . The receiver of the stations are principally equipped by Trimble NetR9. The antennas are mainly the Leica AR25 and Trimble Zephyrs. All the stations are compatible for the GPS/BDS/GLONASS/GALILEO navigation satellite systems. For the data center, the Trimble pivot platform and Leica Spider network processing software are both introduced for the public network RTK service.
B. HNCORS RTK BIG DATA
One of the most popular service of the HNCORS is the network RTK service. As far as August 2018, the number of HNCORS RTK users is more than 1100 from over 380 agencies, which consists of the land resource investigation, geological exploration, civil engineering, transportation and other fields. During the RTK process, the user sends the approximate location to the data center continuously. The data center generates the corresponding corrections of this approximate position and feeds back to the user. With both the satellite observations by user and the corrections from data center, the differential can be achieved. For the differential, if the integer ambiguity is successfully fixed, the user could get the centimeter level positioning. Otherwise, the decimeter level positioning would be achieved.
The characteristics of the RTK location big data could be summarized as 4 aspects. 1) High precision. The precision of the RTK positioning result is usually classified into 2 types: fixed and floating solution, respectively corresponding to the 2-3cm and 5-10cm precision levels on the horizontal direction. 2) High frequency. Usually the RTK messages are sent by the user with 1Hz sampling rate continuously. 3) Human factor. The RTK location data is mainly derived from human activities, such as the surveying and mapping, geographic information investigation and so on. Thus, it essentially reflects the behavior characteristics of related human activities. 4) Informative. Besides of the epoch and geographic information, the RTK message includes many useful info such as geodetic height, positioning status, satellite number, precision factor, network delay, and administrative district tag (city and county level). Meanwhile, compared to the traditional rigorous and accurate surveying results, the RTK big data records is much more uncertain, which is shown in 3 aspects. 1) Indeterminate target. It is impossible to confirm the targets or the purpose of the users. 2) Indeterminate device type. The information such as brand, type of the surveying device accessing the RTK service cannot be determined from the RTK big data records. 3) Indeterminate operators. It is also very difficult to find out the certain operator who is accessing the service or if it is skilled. Therefore, the single or small amount of RTK location data is usually useless, only the big and massive data could reflect the user behavior pattern effectively.
In this paper, the RTK location data from August, 1, 2017 to July, 31, 2018 (365 days) is introduced for processing and analyzed. The raw data involved in the processing is about 232 million records in total. The file size is nearly 23.4 GB. According to the RTK procedure mentioned above, it is not difficult to find out the three critical factors for the HNCORS RTK services, such as the location, internet network delay and fixing solution type. Thus, the four profiles such as epoch, location, solution type, network delay are discussed in this study. The profile solution type is transformed to be fixing use rate, which indicates the location precision level. With spatial and temporal analysis, the user behavior pattern of the HNCORS RTK service is to be revealed in this paper.
III. METHODOLOGY
The data procedure mainly includes 4 stages as preprocessing, temporal analysis, spatial analysis and spatio-temporal analysis.
A. PREPROCESSING
The preprocessing includes 3 main steps: data cleaning, sampling and merging. The data cleaning process should eliminate the data which is incomplete or with obvious mistake. For example, the geographic coordinates and network delays, which should be numeric but recorded as text types, would be rejected during the cleaning process. The purpose of sampling is to eliminate the high-frequency repeated records sent by the same user. The sampling interval is generally set to be 1 minute. The merging process saves the cleaned and sampled data to a single file for subsequent spatio-temporal analysis. The final total number of data records after preprocessing is 12,651,383 and the file size is 1.7GB.
B. SPATIO-TEMPORAL ANALYSIS
The temporal analysis is carried out according to the scales of month, weekday and hour. Among them, the weekday and hour scales pattern are based on the 7 days of the week and 24 hours in a day. Respectively, the profiles as RTK service usage count, fixing rate and network delay which varies according to time is discussed to reveal the temporal pattern.
The spatial analysis is carried out from 3 levels: provincial, city and county. Moreover, for each level, it is in correspondence to 3 profiles: RTK service usage count, fixing ratio and network delay. During the provincial level analysis, the geographic locations are firstly divided into regular grid which is 0.025
For each gird, the usage count would be calculated. Moreover, the kernel density analysis approach is introduced to estimate the usage count per square kilometer [40] , [41] . The search distance is set to be 5km in kernel density analysis. With shaping according the administrative district, the heat map is prepared for spatial analysis. During provincial fixing ratio and network delay spatial analysis, the profile is directly adopting the inverse distance weighted interpolation (IDWI) according to the geographic location. And then the contour map is prepared to reveal the spatial pattern. For city and county level analysis, the administrative district tags are recorded in the RTK big data item. With the profile usage count, fixing ratio and network delay, the corresponding map could be easily prepared for spatial analysis.
The spatio-temporal feature analysis is carried out by a time series of the provincial heat map within 24 hours. Firstly, the preprocessed data set is divided into 0-23 hours, and then kernel density analysis approach is performed for each hourly data. For each hour, the corresponding heat map is prepared to analyze the temporal evolution pattern.
IV. RESULTS AND ANALYSIS A. TEMPORAL PATTERN ANALYSIS
The temporal pattern of usage count shows the variation of the users number in different periods. The variation of the usage count is shown in Figure 2 It can be seen from Figure 2 that, the variation of usage count is significantly correlated to the habits of field surveying and investigations. On the month scale, the usage count in January and February, when it is the vacation for traditional spring festival and the weather is cold in Hunan district, is remarkably declined. In August and September, when the weather is too hot for field surveying, the similar reduction appears. On the weekday scale, the least usage count happens on Saturday and Sunday, they are also the day off in a week. Within a whole day, the temporal pattern is obviously correlated to the working hours. There are two peaks in the morning and afternoon, respectively, at 10:00 and 15:00. When it is in the rest time from 12:00 to 14:00, the usage count falls to the trough. From 18:00 to 8:00 in the next day, the usage count gradually reduces to none. The temporal pattern of the usage count indicates that, the daily maintenance or operation of the RTK service system is better to be scheduled in the rest time and night, when the usage count is less.
The variation of the fixing ratio shows the ratio that the number of fixed solution to the total users in different temporal scales. The higher the fixing ratio, the greater the proportion of users who reaches the centimeter compared to the decimeter or meter precision level. The fixing ratio are plotted in Figure 3 (1), Figure 3 (2), Figure 3(3) , respectively on month, weekday and hour scales.
It can be seen from Figure 2 that the fixing ratio is significantly regular on the month and weekday scales. While on the hour scale, it shows the correlation to the working hours as the profile usage count. On the month scale, the maximum, minimum and mean of fixing ratio are 68.23%, 61.21% and 64.02%. On the weekday scale, the maximum, minimum and mean values are 65.41%, 63.27% and 64.04%, respectively. On the hour scale, the fixing ratio is also characterized by 2 peaks, which is similar to the profile usage count. The 2 peaks appears at 9:00 and 16:00, the fixing ratio reached 67.67% and 65.05% respectively. The trough appears at 12:00, when the fixing ratio is about 55.51%. The main factors affecting the fixing ratio variation often refer to user observation conditions, communication networks, and reference service system itself. The reason for 2 peaks could be analyzed in 3 aspects. First of all, it is derived from the working hour habits of the field surveying. The morning and afternoon are highly effective periods for field surveying or investigation. While at lunchtime, the device or equipment is no longer placed in an open area which is suitable for global navigation satellite system (GNSS) observation. The devices are likely to be placed under the tree or indoors environment. It leads to the decline of the fixing ratio. Secondly, the ionospheric disturbance is also great factor to affects the fixing ratio. The Hunan province locates in the low latitude area, it is more sustainable to the ionospheric disturbance, which is one of the greatest error source for GNSS positioning. Meanwhile, it is also worthy to noted that, the relative studies [42] show that the profile I95 which indicates the ionospheric disturbance also reaches a peak at around 14:00. Finally, the local network load and internet performance between the data center and public environment is also one of the important factor. The study [43] shows that the period between 12:00 to 14:00 is also the peak within a day. The lowest fixing ratio appears at about 20:00, which is only 41.99%. If discussing together with the usage count, it is not difficult to find out that there are just only a very few users works overtime, or users who forget turning off the device. According to the temporal pattern of fixing ratio, it is suggested that the service system should be carefully examined when the fixing ratio is below some threshold, for example, 40.00%.
The internet network delay is the time between the user send out the approximate geographic location message to the HNCORS data center and it receives the correction data. Generally, if the network delay is more than 8 seconds, the data center would no longer feedback the correction at all. Therefore, the internet network delay is one of the most important profile for the performance of RTK service. The internet delay are plotted in Figure 4 (1), Figure 4 (2), Figure 4 (3) respectively for month, weekday and hour scales.
In Figure 4 , the orange and red curve have respectively eliminated and considered the abnormal values. The abnormal values are defined as records with a network delay greater than 94.64 seconds, which is the twice of the standard deviation. It has been verified that the abnormal values are mainly from a few users which are supposed to be unhealthy devices. For example, on November 15th, 2017 (Wednesday), from 12:00 to 14:00, one of the devices continuously sent approximate location items to data center when it did not receive any corrections at all. Therefore, the network delay accumulates more than 900s, which directly leads to the abnormally statistics for mean. It can be seen from Figure 4 that the network delay is mild on both month and weekday scale without considering the abnormal values, which is respectively 2.47s and 2.46s. On the hour scale, the network delay is slightly varied between 1.04s to 2.53s. The maximum and minimum appears at around 12:00 and 3:00 respectively. The network delay mainly consists of the uploading and downloading between the user and data center. The main factors can be divided into 2 aspects, the wireless mobile link of the users and the wired internet performance of the data center. Considering the habits of field surveying and mapping, the users often return to the place to rest for lunch from 12:00 to 14:00, and the communication conditions should be relatively good. Thus the main reason for high network delay is more likely to be caused by wired internet performance of the data center in middle afternoon. The corresponding network delay data was collected in 2017 and 2018, when the bandwidth is 8Mb/s. It has to support both the communication of wild CORS stations and some other applications system beside the RTK services. While in October of 2018, this wired internet has been upgraded to 100Mb/s, the performance need to be evaluated in future.
B. SPATIAL PATTERN ANALYSIS
The spatial pattern is also analyzed by the usage count, fixing ratio and network delay map, which is shown in Figure 5 (1), Figure 5 (2) and Figure 5(3) , respectively.
It can be seen from the Figure 5 (1) that the usage count spatial pattern is characterized by which it is much more in central and east, less in west overall. Moreover, the pattern could be detailed illustrated from 3 aspect. First of all, 30306 VOLUME 7, 2019 the usage count in economical developed areas is remarkable larger than the underdeveloped area. The developed area with convenient transportation such as Changsha-ZhuzhouXiangtan urban agglomeration, economic area around the Dongting lake, and the southern cities bounded with the Guangdong Province, are the principally popular area. Contrarily, there are small usage count in the less developed area at northwest district. Secondly, the more usage count appears in the plain and hills area, while fewer in the mountainous and lakes. It can be found out in Figure 5 (1), the least usage count area located in the northern Huping mountain, northwest Wuling mountain, southwest Xuefeng mountain, southern Jiuyi mountain, southeastern and the northeastern Luoxiao mountain. Meanwhile, the southeastern Dongjiang lake and northern Dongting lake is also the area with a few usage count. This is mainly caused by the government policy, because this mountain and lake area are almost the natural reserve or parks. Thus the great civil construction, which always involves the surveying projects, is nearly prohibited in this area. Finally, the most hot usage count area is located not in the urban center but the suburbs. The reason for the fact is that the suburb is the fast developing area during the urbanizing process. For the urban agglomeration of Changsha-Zhuzhou-Xiangtan cities, the hot spots have been evolved to be a whole area. For the other cities as Yueyang, Loudi, Zhangjiajie, Yongzhou, and Chenzhou cities, the most hot spots are all located in the west of urban center. For Hengyang, Shaoyang and Yiyang cities, the most hot area is the southwestern suburbs. The spatial pattern of the usage count indicates that, the future RTK service coverage should focus on the urbanizing suburb and developing areas and not the traditional urban centers. VOLUME 7, 2019 It also can be seen in Figure 5 (2), the fixing ratio shows the similar spatial pattern with the usage count, especially for the mountain area. For most area, the fixing ratio is nearly 65%. While in the mountain area such as northwest Wuling mountain, the southwest Xuefeng mountain, the southern Jiuyi mountain, the northeastern Luoxiao mountain and the Taiyang mountain forest park in the north of Changde city, the fixing ratio is remarkably lower. The lower fixing ratio is mainly due to two reasons. The complicated terrain and crowded forests in the mountains area are not suitable for GNSS observations compared to the wide open conditions. It is not easy for the GNSS receivers to observe enough data for positioning. The weak communication network infrastructure is also a problem for GNSS positioning. It leads to the fact that the users can not receive the positioning corrections from the data center via mobile communication networks. The decline of the fixing ratio could be further analyzed with the network delay spatial feature in Figure 5(3) .
The spatial pattern of network delay is characterized by 2 opposite and different distributions. For most areas, the network delay is around 2.5 seconds. The area with a network delay more than 100s shows the characteristics of ''one area and multiple spots''. The ''one district'' is mainly located in the joint area of Yuanling county in Huaihua city, Yongshun and Guzhang county in Tujia-Miao Autonomous Prefecture of Xiangxi. This is an typical area with a lower level of economic development and a weak communication network infrastructure compared to the central and east in Hunan province. In 2017, the Hunan provincial government issued the ''13th Five-Year Plan for Implementation of Regional Development and Poverty Alleviation in Wuling mountain Area of Hunan Province'' [44] , which proposed to achieve effective coverage of all administrative village with fiber optic networks and 4G networks by 2020 in this area. More details could be found out in the local government work reports. The Yuanling and Guzhang government work reports stated that the communication network coverage of the whole administrative area is one of the most important task in 2018 [45] , [46] . The ''multiple spots'' is located in the Yao Autonomous County of Jianghua in Yongzhou city, northern Xiangtan city and northwest Huaihua city. The first spot with huge network delay is near the forest area in the north of Jianghua county center, which is famous for the tough mountains, ridges and gullies terrain. It leads to the great difficulty for construction of communication network. By April in 2018, while there are 6 villages without network coverage and 7 villages with week network coverage [47] . For the other ''multiple spots'' which locates in Xiangtan and Huaihua city, they are caused by the abnormal devices discussed above in Figure 4 . The lower fixing ratio and larger network delays indicate that the weak communication infrastructure conditions in Wuling mountain is the main reason for the undesirable performance in this region. The spatial feature of the network delay could also be reference for the communication infrastructure promotion in future.
The profile usage count calculated by administrative district as city and county level, is shown in Figure 6 .
From the Figure 6 (1), it shows that the most usage count appears in Changsha and Hengyang, while the least in Loudi and Zhangjiajie city. Overall, the larger amount of the usage count happens in eastern developed cities which indicates that there is an great demand of high precision surveying service. For Zhangjiajie city, which is famous for the third industry, shows the less high precision surveying services demands. Meanwhile, the small administrative district area (9653 km 2 ) is another reason for the small usage count. The similar situation can be found in Loudi city (8118 km 2 ). However, the usage count per square kilometers of the 2 cities are respectively 3.798 and 7.637, which is much more than the Huaihua city (0.258 per square kilometers in 27564 km 2 ). It indicates that the usage count per kilometers in Huaihua is the least in 14 cities in Hunan.
The county level usage count is shown in Figure 6 (2). It is obvious that the largest usage count appears in counties of Changsha-Zhuzhou-Xiangtan city agglomeration. While the smallest usage count focus in the Huaihua city and south of the Shaoyang city, including the county as Jingzhou, Huitong, Suining and Chengbu county. The reason for the lower usage count is mainly due to the less economic development and the local GNSS reference stations. Some of the institutes or companies build their own local GNSS CORS station for tiny surveying task. The spatial pattern of the usage count of the city and county level shows that it is strongly correlated to the local economical index, especially for the urbanizing area with first and second industry. The future application and promotion should also be focused in these areas.
The correlation analysis between the usage count and the gross regional domestic product (GRDP) [39] during the same period is shown in Figure 6(3) . The GRDP data is provided by the provincial and municipal level statistical reports of administration departments. During the data collection, the provincial level data is preferred compared to the municipal level. The logarithmic fitting model is introduced for correlation analysis between the usage count and GRDP. In Figure 6(3) , the red line is the fitting curve between the usage count and GRDP (without considering the Tujia-Miao Autonomous Prefecture of Xiangxi), the yellow lines are the threshold of two times of fitting residues. With or without considering the Xiangxi, the fitting decision coefficient is respectively 0.76 and 0.84, which shows the significant correlation between the usage count and GRDP. It is worthy noting that although a lot of the surveying and mapping work happens in Autonomous Prefecture of Xiangxi which leads to the large usage count. But the GRDP is ranked thirteenth in fourteen cities. The fewest GRDP is happens in Zhangjiajie, which is the smallest city and almost completely dependent to the tourism service industry. Actually, it results from the strategy of culture tourism and ecological development by provincial and local government. On the one hand, the civil infrastructure was carried out since 2016. It includes 1000 kilometers tourism roads and 1000 kilometers scenery zone. Meanwhile the highway network composed by two north-south and three east-west orientation highways, and the national road network composed by seventeen arterial roads were started construction. The Xiangxi Liye airport have also finished the site selection and designs [48] . All the civil construction needs the precise RTK services for supports, which leads to the great usage count profile. On another hand, the achievement of the strategy of culture tourism and ecological development usually cannot be reflected by GRDP index, which leads to the lower GRDP value.
C. SPATIO-TEMPORAL EVOLUTION PATTERN
The evolution pattern of the usage count reflects the spatial changing process all over the provincial district in 24 hours. It is shown in Figure 7 .
In Figure 7 , according to the usage count activity, the 24 hours can be divided into 6 stages: sleeping, recovery, first busy stage, adjustment, second busy stage and dormancy stages. The sleeping stage is defined from 0:00 to 6:00. In this stage, there are no user all over the province. The recovery stage is from 6:00 to 8:00, when there are a few users accessing the services, which appears in the northeast urban agglomeration and the other urban centers. In the recovery stage, the users are more likely to be preparing for the daily work, such as the scheduling, device testing and calibration. The first busy stage is from 8:00 to 12:00. The first sharply expansion of the usage appears around the urban centers mentioned above. The heat area increases to the maximum at about half past 10:00. During this period, the hotspots and non-hotspots area are obvious. While the former focuses on the urban center and suburban, the later are mainly located in the lake and mountain area, such as Dongting lake in the northeast, the Wuling mountain in the northwest, Xuefeng mountain in the southwest, Jiuyi mountain in the south, southeastern and northern section of the Luoxiao mountain. After 11:00, the first busy stage finished and the adjustment stage begins gradually. The adjustment period is from 12:00 to 14:00. The usage count in this period achieves to be stable, which is preserving the energy for the second busy stage. Compared to the first busy stage, the hot extend and area of the second busy stage are both weaker. But it lasts nearly 1 more hour the than the first stage. The period between 14:00 to 16:00 is characterized by increasing. It reaches the second maximum in whole day at nearly 16:00. The second maximum starts to decline after about 2 hours, and finishes at 19:00. For the 2 busy stages lasts about 8 hours, the usage count proportion is about 56.4% to the 24 hours. The dormancy period is from 19:00 to the 22:00, when the maximum and area of the hotspots are remarkably reducing. By the late 23:00, the dormancy period gradually converts to sleeping stage.
In general, the suggestions could be summarized as follow. First of all, the service maintenance should be scheduled according to the field work habits. It is better to be carried out in the vacation and night. Secondly, service resource such as new stations should be allocated to the suburb area, which is the current the most popular area. Thirdly, the wireless communication infrastructure in the mountain area needs to be improved for the better service performance. Finally, there are still potential users in the Huaihua and Shaoyang city in the southeast. It is the right time to promote the services for them. 
V. CONCLUSION
The HNCORS RTK service location based big data from Aug in 2017 to July in 2018 (365d) is introduced for processing and analysis in this paper, to reveal the user behavior pattern. The result shows that the behavioral patterns are significantly correlated to field surveying work habits. Overall, the number of users is large and small in east and west; in developing and under-developed district; the plain and hilly, lake or mountain regions respectively. Meanwhile, the urbanizing areas such as suburbs are fast-growing areas. The mountain area, such as Wuling mountain need to be paid more attentions on the coverage performance. The city and county level analysis shows that the users number is strongly correlated to the local economic index, while the Huaihua and Shaoyang district are the focus for user promotion. Based on the evolution of the hot area, it could be divided into Sleep, Recovery, Busy, Adjustment, dormancy stages. In these stages, the users experienced the growth and reduction around the Changsha-ZhuzhouXiangtan urban agglomeration and the other 9 urban centers. The future work is supposed to be carried out across with the fields such as the geographical changing info, meteorological monitoring, environment protection investigation and so on, to build the new numerical relation model or profile for wilder applications.
